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ABSTRACT 

Recently, knowledge of the mechanisms of 
visual-spatial attention has improved due to studies employing single 
cell recording with alert monkeys and studies using performance 
analysis of neurological patients. These studies suggest that a 
complex neural network including parts of the posterior parietal lobe 
and midbrain are involved in covert shifts of visual attention. This 
paper describes two experiments employing the dual task technique to 
determine if covert visual orienting can take place while a person's 
attention is engaged in a language processing task. Results show 
clear evidence of interference between the two tasks suggesting a 
common system. The results also indicate that whatever is common to 
the two tasks does not have the same anatomical location as found for 
visual spatial attention. Previous work in cognitive psychology has 
also proposed a dissociation between the alerting and selective 
aspects of attention. In agreement with this dissociation the present 
study found that omitting any warning signal worsened performance for 
left-sided patients. These two patterns were also found in normals 
when we compare blocks run at a high state of alertness with those 
run at lower levels of alertness. These results support suggestions 
of a right sided bias for alerting but show that it is not the cause 
of the attentional selection deficit often reported in right parietal 
patients. A hierarchical distributed network is proposed to 
accommodate these data. ( Author/ JAZ) 
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20, (cont.) 

processing task. He find clear evidence of interference between the two tasks 
suggesting a con system. However, the results also indicate that whatever is 
common to the two tasks does not have the same anatomical location as found for 
visual spatial attention. 

Previous work In cognitive psychology has also proposed a dissociation between the 
alerting and selective aspects of attention, In agreement with this dissociation 
the present study found that omitting any warning signal worsened performance for 
left sided patients, These two patterns were also found in normals when we compare 
blocks run at a high state of alertness with those run at lower levels of alertness. 
These results support suggestions of a right sided bias for alerting but show that 
it Is not the cause of the attentional selection deficit often reported in right 
parietal patients. A hierarchical distributed network Is proposed to accomodate' 
these data. 
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ABSTttCt 

Recently out knowledge of the mMm of visual- 
spatial attention hat iifroved dm to studies eaplqying single oell 
recording with alert axkeye end those using pottonanco 
analysis of neurological patients. These studies suggest that a 
copies neural network including ports of the posterior parietal lobe 
end sidbrain are involved in covert shifts of visual attention, 
1 

Paper presented to the Peychonoalcs Society, November 1965. Boston 



Is this systea in isolsted visual attentional sodule or 
. is it part of a note general attentional tystea? Our studies eeeploy 
the dual task technique to detenine if covert visual orienUng can 
take piece while s person's attention la engaged in a language 
processing task. He find clear evidence of interference between the 
No tasks suggesting s cceson systes. Bower, the results also 
indlcats that uhstever is com to the two tasks does not have the 
sane anatonlcal location aa found for visual spstlal attention. 

Previous work in cognitive psychology has also proposed 
s dissocistion between the alerting and selective aspaett of 
attention, m agreeaent with this dissocistion the present study 
found that (sitting any warning signal weened perforaance for 
patients with right sided lesions, but iaproved perforaance for 
left sided patients. These two psttems wire also found in normals 
when wi ctnparo blocks run st a high state of alertness with those run 
at lower levels of alertness, These results tuppoct suggestions of a 
tight sided biss for alerting but show that it is not the cause of the 
attentional eoloction deficit often reported in right parietal 
patients. A hierarchical distributed network is proposed to 
aceonodate these data. 
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A fundanntal problei of attention li to understand how tbt unity ' 
of conieloui exptrienct li related to the uny levels of nlictivity 
inwlvtd in proceseing ixtinial events, flu aseunt of intonation of 
which vt an wan it any mot ttnt reaarkably liiitad, yit it ii 
, often tfficlantly Mltctid fra a vast array of input, tie are 
generally unaware of the details of the eelectlon, but without it our 
subjective experience could not main unified. 

the conplexlty of these isiuee hat lade it desirable to divide the 
study of attention into subtrees. One traditional distinction is 
between the arousal or alerting aspect of attention and tbt stlectivt 
aspect (sn Kaheman, 1973). in part this separation ia cognitive, 
corresponding to the difftrtnce bttwetn the nechanlsas allowing us to 
■alntain awareness of our tnvironsnt and those specifying the content 
of awareness, in part, it arises frca a distinction bttween 
subcortical arousal systev (e.g. Midbrain and thalaalc reticular 
arousal systeas) and the sensory syststt that provide specific 
intonation about stiaili. In this ttntt the distinction is at ones 
both cognitive and anatndcal. 

within the study of salective attention it has also bean 
traditional to deal with subtrees butd either on tht sodality of 
input (a.g. auditory, visual) or tin type of intonation or cognitive 
systen Involved (e.g. language or spatial). 



In recant years a sire detailed anatoalcal and physiological 
analysis of attention has developed within tht dosain of selection of 
visual spatial intonation (Hountctstlt,1978j ftsntr, 1980» Hurts, 
Coldbtrg t Robinson, 19B9). This work involvts studltt of alert 
■cnktyi and of nonal and brain injured patients orienting to visual 
tvents. since no ovtrt changes (e.g, tyt aovntnttl need occur in 
order for there to be evidence of ttlectlon at tht atttndtd location 
it is possiblt that aichaniSH rtvttltd by thttt studies ay servt at 
a node! for undtrttanding attention In general. 

At the level of captations one can view « shift of visual 
attention as involving thrtt ion tltatnttry operations isolated frca 
chroncBttrlc studltt. tht firtt it dlttngtglng frca tht currant focus 
of atttnticn. it is a will established princlplt that tht depth of 
eosaltatnt to one task lnflutoett tht tin to twitch or dlttngagt frca 
that talk (UBtrgt, 1973). Alt princlplt undtrlitt such of tha utt of 
ncondary tasks to atasura attention dnends (set «err,1973 for t 
rtvltw), 

Iht ttcond operation involvtt a Kvenent of attention free its 
curnnt focua to the new location. Own it ten reason to believe 
that this aovtnnt it analog in tht ttnst of passing through tht 
inttntdiata locations (Shulun, Rtaington t HcLean, 1978f Hal, 1983, 
Ullaan, 1985), hit this la by no nan settled (Bughea and Zlaba, 1985; 
teajlngtca and Pierce, 1964; Shulaan, Hilton and sheeny, 1985). ttt 
now operation could bt slallar to tht operation Involved in nntal 
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rotation ind image winning (Koslyn, 1910, Pinker, 1)90, shcpacd, 
1)78). 

finally tht subject must engage tht new targvt. The engage 
operation li likely to differ depending upon tht task required. Soot 
processing (e.g. the registration of features or the lookup of highly 
familiar responses) say take place without engaging attention (Marcel, 
1982i Trtiuan 1 Galade, 1980), However, it appears necessary for 
attention to be at tht target in order for an arbitrary speeded 
response of saxius efficiency to occur. Thus faster responses and 
higher d's art reported to events which occur at locations to which 
attention has been cued (Bashinski 4 Bachrsch, 1)80] Downing 4 Pinker, 
1985; Fosnsr, 1)80). 

Each of these operations appears to be affected by a different 
fon of brain injury. Daasge to the parietal lobe can produce a 
severe deficit In the ability to disengage attention free a visual 
location, without any necessary loss in efficiency of the sove or 
engage operation (Posner, Walker, rrledrich and Ratal, 1)04). 
Although danage to the parietal lobe can leave the person unaware of 
stiaull contralateral to the ltslon if visual attention is engaged 
elsewhere (Posner, Cohen and Rafd, 1)82) the sen visual location say 
show noraal or rear normal response, Use when attention has been 
attracted there. This indicates that it is possible for the engage 
operation to be normal or near norul when the disengage operation Is 
severely damaged, On the other hand, daaage to midbrain areas related 



to saccadic eye noveaents can produce a specific slowing of the aove 
operation (Posner, Cohen and Ratal, 1982? Posner, Choate, Ratal and 
Vaughan, 1985). 

These findings fit well with the single cell recording data free 
monkeys. The aonkey studies have shown that the parietal lobe 
contains cells show in enhanced responses to stimuli in their 
receptive field when the artiaal is trained to attend to that location 
while ntlntaining fixation at another place (Hurts, Goldberg 4 
Robinson, 1980), On the other hand cells in the superior colliculus 
appear to be such tore closely related to attention when it involves 
eye nvenents. 

The tuan data suggest that midbrain lesions can affect covert 
attention shifts, but the ccaponents affected are those highly related 
to the eye aovtasnt systesa. for exuple, it has been shown that 
lesions of the midbrain may increase the likelihood of attention 
returning to a visual location which has recently been examined either 
by a fixation or covertly (Posner, Choate, Ratal and Vaughn, 1985). 
Such a atchanisa would have obvious importance in visual seaming. 

Thus we can now define visual-spatial attention in terns of 
relatively precise cognitive operations and also say sotethlng about 
the anatomical locus of these operations. In this paper we use our 
knowledge of the visual-spatial attention module to study two general 
questions related to attention, first, Is the ndule that subserves 
visual-spatial attention separate f rot other systems that subserve 
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' attention or is it pact of » ton general syiteo? if tht latter, it 
the anatony of tba more general system distinct fret the viral* 
Will syatem? Second, does tht operation of visual-spatial 
attention involve separate alerting and selection operations as 
euggested ty cognitive theory? If to, can » define their anatomical 
substrate? 

Experiment 

tor strategy to explore these be issues was to assess the 
perforance of patients with know deficits due to parietal loeicna 
to. groups of oornal controls, ft study the issue of whether visual- 
apatial attention is a separata module ve had subjects perfon a 
visual-spatial orienting task either by itself or coined with one of 
tw secondary tasks, ihe secondary tasks vera chosen in an effort to 
insure the use of separata input and output paths and quite different 
cognitive operations frog those used in visual-spatial orienting. He 
then examine the ability of the patients and normals to tin share the 
ptlaary and secondary task. Suppose visual-spaUal attention is a 
•operate todule. He wild expect a general increase in reaction tin 
doe to interference with output or reliance upon 'am very general 
con* resource, ttuevor, the advantage of a shift of attention to 
the cued location would be expected to renin present, eince if 
visual-spatial ie a separate todule it could operate to shift 
? 



attention even when the subject was engaged in performing the 
secondary task. Suppose instead that the secondary task shares some of 
the sane attentional mechanisms with visual-spatial attention, We 
would then expect to find interference with the covert shift of 
attention (e.g. invalid-valid Hi) as well at an overall increase in 
reaction tin. 

tor previous work has established that whenever patients are 
engaged visually they have a special difficulty in responding to 
invalid targets contralateral to the lesion. Suppose the secondary 
tasks engage attention by use of the sane parietal systeo identified 
with spatial orienting. « that were the case, when a patient was 
attending to the secondary task there would be a specific loss in the 
ability to deal with Invalid targets contralateral to the lesion. 
Bat ie It the secondary task uses the parietal system wa ought to see 
the usual sign of ongagesent of that system namely a epeclf ie deficit 
for contralateral targets. Thus, ve can get information about the 
anatomical basis for any specific intefetence effect by asking whether 
the secondary task creates a specific deficit for invalid 
contralateral targets. 

He thus have two indicee of the separability of the primary and 
secondary task. The first has to do with whether the secondary task 
affects the advantage of valid over invalid RTs found when the primsry 
tesk is performed alone. This index allows us to determine whether 
the two tasks involve the sue or different cognitive ctnxnents of 
8 
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otltntlon, flu wcond indix ii whether or not tht Mccndicy uik 
ante to product t grater tptclflc deficit (or Invalid eontrilitinl 
Urate, flu Mtond index tilli us about whtthtr engaging ittintlon 
tin Mcondiry uik Involvti tht tea anotnlal lyitM ae atttnding to 
t viimk location 4mi. 

la Mtond in* to which this study It eddrooood ha to do with 
tht apttablllty o( lortlng (m dlrtetlml or ttltctivt optntloni. 
letflear in tvtnt it pttttntod which em urn to cut ttttntlon to i 
location It em alto serve ti I anting signal to vary tht lml of 
alattMH. In all out prsvloui welt «t havt htld sltctntii eontunt 
by olwyt Introducing a cut, In tht prtttnt study a titan* (or 
bloat In which no cut It pttttntod, In such bloat tho tubjtet oust 
alhtain altrtntn without tht aid of a anting tlonal on aaeh trial, 
it hat ban suggsstod that tht basis et tht psristal daflelt dtptndt 
upon t itduetd alerting or hyparoueel of tht affected haltphtrt 
prodoclng tht obarvtd deficit in dealing with eontralatttal itlauli 
(aiilan and Van Dan Jlbtl, 1979). if this la ao oaittlno tht elertlng 
ca eight to InetNH tht ptoblaa patlnU hivt with eontralataral 
Urate. 

9 



Ntthod 

Subjscti/patisntst Hint patients vith unilateral paristal 
lailena are subjects in tht phonm aonitocLng sxptrisant. In 
addition five of that potltntt vtrt subjects in tht backward counting 
oxporlant, rout pstlsnts INK, JC, n, and ») had particlpatad in 
prtvlout axptrlantt tod thtir clinical conditions tra dticrlbtd in 
Fosntr tt al (1964) (labia II, CI scute ars available for diagnosis 
for all of tht five nev parietal patients. CT scene elm a hypodenee 
area in the perietal lobe (M, kr), infarction in the perletel tree 
W or ffonto-pirlital-tesporal eree (K), or hcatca In the 
tetpere-perletel lobe (CCI, TVs of the left-parietal patient* are 
ephaeic (DC and tt). Kith tht exception of K whoa eje ie IS yeere, 
ell other new ptttento are older thin tt yooro, 

Control subjectei It subjscts without decanted nturological 
dicordero arved ta controle for the perletel patlente, light of the 
control subjects wts in the age group of 1) to 35 yeere end are 
recruited froa the otaff of Good Stariten Hospital and Medical Center 

» 

ot Portland State university and eight of the control eubjecU ate 
eldere In the age brockets of (0 to 75 yeere, 

Mm In the single task condition, eubjecte ate required only 
to detect the visual tercet and to depress a single key vith the index 
10 



finger ii quickly n possible, Ite buic experimental paradigm vai 
similar to Posner, Hilktr f fritdrieh and Kafal (1980. Subjtcts (acid 
a cathodt ray tubt (CRT) 10 cm from the tytf. Th«y win instructtd to 
maintain fixation on i etntral box. fto ptriphtral boxes were peasant 
approximately light decrees to tht ltft and right of fixation* 

typti of aingli task blocks wire und. In and blocks cm o( 
thi two ptriphtral boxii brightened for 300 millisec. Iha onset of 
tha cm was followid aftar in interval of 100, 500 or 1000 milliuc by 
a bright asterisk occurrad on tba cuad aida 80% of tha tiut (valid 
trials) and on tha uncuad side 201 of tht tiaa invalid trials) on tht 
uncuad side* tn uncmd blocks tha cm was omitted and only tha Urgit 
occurrad titter 1100, 1(00 or 2,000 milliuc after tht privious 
response. 

In tht dual talk condition one of two secondary tasks was addad to 
tht primary task. Ona secondary task involvtd phoneme detection. 
Subjects win rtquirtd to monitor for tht phonm 'p' in a liat of 
words. Specifically, aubjteta win played a tape with 30 liata of 20 
words each. Ihese lists were spoken by i native speaker at a word 
presentation rate of approximately cte word per two seconds. Only 
nouns win used. In each list one to seven words began with the 
phonaoi 'p'. immediately, after the list word of a list wis 
pronounced, the emend 'stop 1 wis given which indicated that the 
visual detection task wis to be interrupted and that the last item of 
a list of weds had been presented. After the 'stop' cosaand, the 



patient was aaked how many nouns on the presented list of words had 
begun with the letter 'p\ fliis was followed by a ailent interval of 
approximately three seconds within which the subject was required to 
report the mater of words that aterted with the phoneme 'p', After 
thla, a 'ready' coeaand was given indicating that the visual detection 
talk was to be continued and that a new list of words was to be 
presented. 

ite backward counting task was similar. Each block of trills wis 
initiated by a two digit ranter from which the patient counted 
backward by one. In the dual teak blocks orienting triala vera 
conducted during the counting process, After 15-20 triala a rest and 
new digit pair waa given. 

Performance on the phoneme monitoring task alone was ascertained 
in separate blocks for five of the patients. 

Procedure - Each subject waa run in all of the conditions in a 
single session. At the start of the session they wire introduced to 
the (honest or backward counting task. Ihey then received either 
three blocks of no cm trials followed by three blocks of cued trials 
or the reverse (the order was counterbalanced across subjects). Each 
block consisted of 100 trills if no ems wen involved and 300 trials 
for cued blocks. Within each set of three blocks ml ABA design wis 
used so that visual orienting alone cam both before and after the 
dual task block. 

12 
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flu counting backward Usk wat run on five patients prior to uu 
of the phoniw nonltoring Uik. This was done in a einglt union and 
illy cutd tciil -locks were used, 

13 



RtiUltl 

flu win cnulti o( thi ixperiunt are in tint of reaction tint 
for thi ipatlal attention task when ptrfomd alont and in conjunction 
with thi aonltotlng task, flu ndlan rti for aach condition vai 
calculated foe each tubjtct. All Kit ltai than 100 allliaae or 
greater than 1,000 allliaae vica sxcludsd, but thtii capcaatnted ltaa 
than II of tha trials. Overall caaulte wen quite siailar foe thi 
trials in which then was a 100 aillisic delay following the cue and 
foe trials In which the delay was longer. Since 2/3 of the trials 
were m at the 100 milllaac interval and thest trials ars f ess of any 
eye aovamnta they aata aoat appropriate for discussion. Hhile the 
mm reported include sll delay intervals we discuss the longer 
intervals only in thou cam vhece interval interacted with other 
effects. 

The overall data frca the priaary teak with phonew wnitoring as 
the wcondary teak was cast into an two stparate analysss of variance. 
One involved the patient groups and had aids of lesion ai the between 
subject condition and attention (focuaaad vs'divided), cue (valid, 
invalid, no cue), visual field (lpsllateral vs contra lateral to 
lesion) and interval (short vs delayid) aa the within subject 
variables. A second analysis involved only the control subjects and 
had age as the between subject variable (0 old and 8 young) with the 



17 



ERIC 



18 



sane set of within tubjtct variable exctpt that visual fiald was now 
lift versus tight, flu itt of data fen the flvt subject who counted 
backward ww alto sumerlied but not analyzed statistically. 
Figure 1 shows the valid and Invalid trials for each of the 

Insert figure 1 here 

four subject groups when doing the pcistacy visual orienting task by 
itself, Ml (out groups of subjects show an advantage of valid over 
invalid trials. Two facts sestit further discussion. 

Ficstf both left and right aided patients show earkedly larger 
advantage of valid over invalid trials Mien the target is 
contralateral to the lesion than Mm it is lpsilatsral to the lesion 
(cue X slds interaction r(2,10 9,3| pUl|. This has been previously 
repotted (Power, et el, 1964) and called the extinction like reaction 
tin pattern, since it is sillier to the clinical phenosenon in which 
patients miss contralateral signals when they occur sisultaneouely 
with ipsilateral signala (extinction), left and right sided patients 
both show norasl validity »ffnti on the lpsilatsral side but narxedly 
larger effects on the contralateral side. Both groups of patients 
also show longer reaction tissee on the average on the contralateral 
side. 

Second, the no cue condition generally gives ftrs faster than the 
valid cue condition, This occurs despite the fact that the cue 
IS 



provides s warning signal on all trials and for valid trials it 
provides intonation on where the target will occur, tie discuss this 
result in sees detail later (see page 000), In addition, right tided 
patients ars worse on the contralateral side in the no cue condition 
than are the other groupa. this is also true, but to \ lesser degree 
for ipsilateral targets, Wth the exception of the no cue condition 
the other results ars siiilar to what we have reported previously. 

He now turn to the dual task perfonance, rive patients were run 
in the (honest nonitoring task by itself as well as together with the 
Hln task, The start percentage of twenty trial blocks in which their 
report of the meter of phoneme detected was correct was (0 when 
perforaed alone and 30 when cabined with the visual task, For four 
patients no sepsrate blocks of phonttt aonitocing alone vers collected 
and these patients had a seen of 701 detections in the dual task 
blocks, 

insert rig 2 hers 

Wgure 2 illustrates the effects of divided attention upon valid 
and invalid Ws in the spatial task. In Figure 2 the rssults art 
shown for patients using the phum wiitoring talk (upper two Until 
and the counting task (lower two Until. There it a powerful nin 
effect of dividing attention on phoneae nnitoring r(l,1|>l0.5,p<.0l), 
and attention interacts with the validity condition such that with 
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dividtd attention thin ii no validity iffict (or tithir talk, lhli 
li tht one plan where interval intitacti eigniflcantiy. Ihin it a 
itrcng cut by intitval intiraction F|J,U|»6.0, p< ,01, This li 
llluittitid in Figun 3 whidi ihowi tht iffect o( dividtd attmtion on 
on validity foe tht phonm nnitoring task at tht long dtliy 
intervale. Mhili tht dividtd attintlon condition aboliihai tht 
validity effect it 100 lilllne, it li clttrly pcattnt it tht longir 
dtlayi. Thus tht iffict of dividtd atttntion ii to dtlay tht persons 
ability to thift attmtion to tht cut. 

Inttct fig 3, htit 

(tonal tubjicts my or wy not thou linllar pcoblma with dividtd 
atttntion. Figun 4 shows tht saat tuulti for old and young nonala 

Instrt figun < ( here 

in tht phontM nonitoring task (solid lints) and foe young nonals in 
a prtvioutly reporttd study of counting backwards by thrm (Power, 
Cohan, Choatt, Hockty a Baylor, 1964). In all casts thtn in tfficts 
of attention on prisary task ptrforatnet. However, for phonet 
nonitoring there ii cltatly no iffict of dividtd attention on tht list 
of tht difference between valid and invalid trials, Hhen we exaaine 
the counting backward task reporttd by posner, Cohen, flwatt, Hockey 
17 



and Haylun, 1904 we find a such larger iffict of itttntion on the nw 
ruction Umi and alio a cliar inunction with validity of thi saat 
type ii found in pstisnts, In addition, Haylor (1983) has txanined 
the sine primary task with counting and has shown that oni nay or nay 
not obsarvt in Interaction with validity deptnding upon the level of 
practice of the subjects, 

Tht ruulti illustnttd in Figun 2 and 4 show that appropriate 
conditions divided itttntion can delay the ability of the cut to draw 
atttntion sufficiently so that neither nonala not patients show a 
validity effect it 100 lillistc. Ihii suggests that tht ipatial 
orienting ayitei suit shirs sen operations in torn with the two 
tecondary tasks, causing s delay of orienting Man they in 
sufficiently difficult, It should be borne In aind that orienting 
toward a peripheral cue appnri to bt quite autoutic in nany , 
sltuitioni (Jonidii, 1901), Thut it ii quite striking to see s loss 
of the validity effect for the patients at the 100 nlllisec interval. 

foe night argue that the patimtt una the cue nonally under 
divided attention condition but no effect ii shown tectum tht 
language tasks delays the key press output. This view would regard 
the cue tfftcts ii being lost btciust tht delayed respite tin allows 
tht subject to shift attention free cue to target without it showing 
in W. Thia view cannot explain the prtsmct of a validity effect in 
the longer delay trials shown in Flgurs 3. In this condition thtn is 
still a delay in FT due to the secondary task but now a validity 
10 
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sffsct only li clearly prtstnt. If th» lecondacy talk rtduced tin 
villdlty effect by delaying output in tht 100 millistc trials oni 
would have to expect a slailar effect et longer intervali lince the 
overall delay in M due to the dual talk ia still preient, instead it 
appears that the longer intervali provide a differential advantage on 
valid trials as one would predict if the secondary task retarded the 
patients ability to use the me, 

Why «lwuld patients not orient to the at at tha short intervals 
in the dual task blocks? Clearly this sust be due to the fact that 
they are engaged in proceuing the language task, if orienting to the 
secondary task uses the w parietal syitta as visual spatial 
orienting the patienta should have specific problem with invalid 
contralateral targete. Evidence for an extinction like reaction tin 
pattern at 100 lillisec follow both frca the view that the patient 
hat oriented to the cue but cannot respond because of the secondary 
task or frn the view that orienting has not taken place because the 
language task is engaging attention and uses the sane parietal 
nchanlsa that is used for visual-spatial attention. 

figure S displays the significant triple order interaction 
between validity, attention and visual field (r- 3.S (2,11) p<,0S. 
ihe result indicates that under focussed attention conditions there 
are greatly lengthened RTs for contralateral invalid trials 
(extinction-like reaction tin pattern), but there is no evidence of 
this under divided attention conditions. Thus attending to the 
19 



secondary task delays orienting, bit does not do so by engaging the 
parietal systen, 

inssrt rig 5 about here 
Discussion of Experinent 1 

So far little has been said about the two drastic results 
obtained in the no cue condition, first, the no cue blocks generally 
give fester RTs than the valid trials for both noraals and left sidsd 
patients, toy should this be if , aa we have argued, tt advantage of 
valid over invalid trials is due to the presence of attention? Surely 
our view would hold that valid triali should be better than those 
without cues, this is particularly true because cued trials allow for 
increased alerting as will as for the advantages of selective 
attention to the cued location, 

He were at first very puttied by these results. Subsequently we 
have co« to view then in light of the 'entgent properties" argmnt 
(Duncan, 1982). In a liaple ft task subjects often adopt a criterion 
of responding to any energy change. Ails works as long as there are 
no events to which they sust inhibit a response, Homer, in the cued 
paradip one sust withhold a response to the cue. This could ssrve to 
raise the criteria) for blocks in which there are cues over those in 
which no cues ars given. He should be able to vary the relationship 
20 
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between validly cutd and no cut trials depending upon whether thy 
occur In nlxtd blocks where a single ctitacion night bt adopttd or 
putt blocks In which difficult ctitarla would bt allow], 

The atcond drauUc mult m as poor ptcfomnct of right 
ildtd pttitntt in as no cut condition, Right ildtd patltnti ata 
cltarly writ than nonala and lift ildtd patltnti in th no cut 
condition whiU thty appter virtually idantical to tht othr groups on 
vtlid trials, tort**, m in cosparlicn with thlr own ptrfomnci 
» valid trials right sidsd patimti an poor in tJs no cut condition. 
Htilatn ha propostd tht th right haliphn ti sptcialiiad for 
arousal and tht vhtn it it dut to th hypotrousal risulting frca its 
dewgi tht such patiintt havs spscisl troublt In control of 
orlinting, our rasults suggttt tht lift and right sidsd patltnti 
Isvt tail problsM with disengaging sttsntion to dial with targets, 
but thy tain th possibility tht rights also hvt a special problu 
Kith nintaining alarum. This idsi is hsid upon th supposition 
tht sines no cut trials do not providt a warning subjects suit act to 
wintain a high lml of alirtnsti if thy an to sustain fast Ml. 
If thy fill to do so thir ptrfonsnct will suffsr in th no cut 
condition, if rights hvt difficulty in nintaining thir alirtmii 
without a warning thir ptrfomnct would bt at a spscisl distdvantagi 
in this condition, 

fcptrinntJ 



In order to ttst our conjictum about th naturi of th data 
providtd by th no cut condition wt dtiignid an additional sit of 
expetinente with young noraali subjects. Hi first tested th idu 
tht th rslativs ipeed of no cut vi valid trials dipendtd upon th 
level of ilirtmi of th subject. To do this wt cospstsd blocks of 
triili in which th tin following th pesvious trill mi 500 alllissc 
Iniirly optiasl for slsrtnsss) with $,000 aillinc (i wboptiul 
inttrvil for aaintaining altrtneoe), In i sscond sxptrismt ut tsstsd 
th idii tht th advantagt of no cue over valid trials depended on 
"tying a low criteria during no cue blocks. Me did this by 
aspiring blocks in which no cue end cued trials van rsndoolted so 
tht no special criterion could be chosen for th no cut trials with 
pure blocks in which only no cut or only cutd triali win givtn, 

Hethcd 

bperiaent 2a eoniitted of 12 young nornal subjects nn for two 
hours each, In axptrinnt 2i subjscts win run in four pun blocks, 
fer two of th blocks th tins following each trial bafora th next 
trial began vaa S00 ailllsec and for two it vae 5,000 lilliiec. 
Hithin each condition one block consisted of no cue trials in which 
only a target wt prsstnttd and th othr block consisted of cued 
trials (60% valid and 20% invalid) in which th target followed th 
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cut tqutlly often after 100 and 000 lilllue. tach block hid 100 
trials. 

bperlant 2b cenilittd of 10 young noml eubjtcti run In I 
tingle om hour MUlon, It* imrltMt mi iiiilir to 2t tictpt thit 
Mdi fttjtet (» in two tittd bloeki of 110 tclili, Hithln Heh aixtd 
bleed thin wart Of cud ttlili iSOt villd) ind 04 luncwd trials). 
Om ilud block tat rat with 500 tUlltoc diliy following tht ritpontt 
(high ilirt) ml om with MOO iIUImc May (low ilirt). 



MWltl 

ltd roeulto of iipotlMnt U in ihow In rigun 4. Iho 
uiMtt rig. I 

pattern of ritulti it high alartneee mi quite ilillir to chit found 
with noml n md lift sldad patlanta in flguti 1. in vtn (utnt 
in the no cut condition, intimdlitt in tht valid cut condition md 
ilowft in tht Invalid cm condition, flit low alartMii condition 
thowtd i patttrn aich ion like tht right aidad patlanta. flta valid 
trials ara now illojhtly faatar than tha no eua condition with tha 
invalid eua trlala tha tloweet. 

23 



A autiatlcal anilyiii of tht overall diu ehowtd oioiificant 
affacta of alartnaia HM1W.2, p<.05| validity H2,22MU, p<.0l ( 
interval r|l,UH7.1, (K.Olj tht interaction of validity with 
lntarvel fll,ll).17,0, pr.01 and the triple order inunction of 
alertfleee and validity with interval fll,22|.].4, jx.01. 

flu intaroction bttwttn alirtnaee and validity thovp in rigura 6 
«i true at both intervale but we etrcngar with tha 000 lilliaac 
interval, Thit ii atinly bteauu tha no cut trlala ahow a awllar 
ieprovteont with interval than do the cue trlala, ilnca thin li no 
wirnlng lignal to ark tha atart of tht trial, rigura 6 aakae it 
appear ae though alartneee affacu ara pratant for both no cue and 
invalid trlala, In f, ct whila U of 12 aubjact hava longtr Ni in tht 
low alert no cue condition thin in tht high alert no cue condition 
enly 7 of 12 ahow an alartneee advantage for invalid trlala. Una in 
« pun block of euad trlala aubjacta appear to coapentett for tht 
euboptiial alerting quite wall, but not in a pure block of uncuad 
trlala. 

The remits of bptriant 2b in shown in rigun 7. 

Ineert rigun 7 about hare. 

in thit experlaant alartntu, interval and eua condition all had 
elgnificant affeeti, thtrt it alto a cut by interval intenctivt dua 
to tha largo Uprovmnt in Re whin a cue la praaent jx.01. in both 
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thi alirtntii conditions thin ii an advantage of tht valid trials 
over the invalid and no cut triali» tin no cut triali havt somewhat 
longer naction tint than thi invalid trials particularly in tht low 
altrtMii condition. In comparing thi two experiminte it ii cliar 
that Mixing tht block products a iptcific Jlsadvantags for tht no cut 
triali, 

Dlicuiiion of Experiment 2 

Hum rtiulti illuitratt thi complexity of tvtnti that occur tvm 
in tht relatively simple conditions of Experiment 1. Apparently tht 
naction tine to a cusd tvtnt depends in part upon tin warning 
proportleo tht cut provides, in part upon tht location infonation 
providtd by tht cut, and in part upon tht inhibition produced by 
railing tht criterion to rtiiit responding to tht cut. Cocpering 
valid to invalid trials allow ont to hold tht alerting and criUrion 
affects relatively constant so at to coqare tht directional effect of 
tht cut. 

At two experiments gmrally conf in our conjecture that tht 
advantage of uncued triali for nonali in Experiment 1 results froa 
adopting a lower criUrion for thtu blocks. Apparently this is dona 
based upon tht property of tht block and is not done, or it least not 
as will, on a trial by trial basis. This follows froa finding that in 
nixed blocks no cue trials are uch worst than valid trials. Tht 
25 



rtsults also suggest that right tided patients have difficulty in 
maintaining a high inough levil of altrtnm to perform well when a 
warning signal it absent. Put another way, thi right sided patienti 
fall to lew their criUrion for no cut blocks. Since alertness 
effects usually result in changes in criterion these two statsaentBs 
•ay be equivalent. Our results with noraals suggest that a failure to 
maintain alertness would account for the poor performance of right 
sided subjects in the no cut triali since they roseriile performance of 
noraals at a lowered level of alerting Induced by a euboptiaal 
tntertrial interval. 

It ie also possible to ask whether normals show any differences in 
alerting when cues are presented directly to the right hemisphere. 
Previously Mailman a van Den Abell, 1979) have suggested that cues 
delivered to the right hemisphere froa the left visual field would 
result in faster RTs than thost that go directly to the left 
hemisphere, rigure i ihws RTs from bptriatnt 2b as a function of 
which hemisphere first rtctivts the target and/or cue. the lower two 
curves art for high alertness conditions while the upper two are for 
low alertness conditions. Mm no warning signal is provided subjects 

insert rigure 8 about here 

havt only the time from the last key press as marking tht start of a 
trial, ror warning intervals of 100 and 900 millistc wt plot only 
26 
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valid trials when both cut and target 90 dictctly to tht taw 
hnlsphere. Tin nm for this breakdown ihowi that tht only 
eignlfiewt tfftcta in thou of tltttntti and warning inttrval. 
Am it 1 nail but non-tlgraeietnt tttnd tot tht loft hnlsphtte 
targeti to bt bttttr undtr tht high Hart condiUona than right 
Milsphero tatgets, hit tttnd li in tht opposite dirtction f tot what 
would bt pttdicttd Cm a tight hnlsphtro advantage for alerting, 
Hurt it no hint that tht alerting function differ fot tht to 
hulsphotes, Thut wtiilt wt patitnt tvidtnet suggoits that tight 
hniiphttt daaago hat a groat afftct in nlntaining altrtnttt thty do 
not eonfin that this tfftct can bt found in notaalt by varying tht 
location of tht warning cut, 

Concluiioni 

Parietal DeUdt 

Am ptetont txpttiatnU eonfin prtvioui findings eonctrning tht 
vltual-spatlal attention lystn. Mim tht atttntlon of patitnta tdth 
patiotal lationa ii named to 1 vitual cut thty hava a pnttful 
dafleit in handling conttalatttal targets. Men attention ii at tht 
cued location or Khan the target it ipsilateral to the lotion, 1 axh 
nailer or no deficit over the petfonance of age related ccntrole ii 
found. Thia tttongly tuggaitt that the deficit due to parietal 
leaiona ii specific to the ability to diaengaga Urn a tUailui once 
attention hat been comitted. 



Tht current itudy indlcatit that tht right and left parietal 
lobe are synotric for this function, because the advantage of valid 
over invalid trials is similar for the two groups (see rigure 1). 
tare are a mabtr of clinical and exptrlatntal findings |Dt tail, 
1)92) showing that right sided patiente show acre drustic effects of 
parietal lesions in tht spatial donin, Out cuttent data suggest that 
these dtaaatic differences say result fro faetora other than the 
directional operation of the perietal lobtt (see alerting below), 
Independent Nodule? 

Visual spatial attention is one fori of selectivity by which 
infotaation reaches srea(s) responsible for conscious report, Tht 
parietal daaege suit involve only a pathway involved in teaching 
coitclous report. This is established by the telatlvely intact 
petfonance of these patiente once attention has been sunoned (valid 
ttlals) even to a target location which is contralateral to the 
lesion. Thus son systn can coaptnsata for the relative 
Inefficiency of the dnaged parietal lobe, arguing that higher level 
attontional systen net be in tact, 

Now does this visual-attention pathway relate to pathways involved 
in dealing with other aspects of attention? Exptrinnt 1 shows that 
processing language stlsuli (pbonen anltoting ot counting backward) 
delaya otienting to the spatial cue, since the set of orienting 
requires no overt novntnt that light interact with the secondary task 
it sens reasonable to euppon that attending to non-spatial stinll 
28 
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interferes dirtctly with the system that shifts visual attention, we 
know from wch other work on interference effects (Power, 1978) that 
taaka like counting backward or phoneme monitoring also interfere with 
most other types of cognitive operations. Moreover , this interference 
is quite tine locked. Zt is not as though the secondary task 
completely inhibits the attention shift it simply delays it so that 
what is usually quite strong at 100 mill i sec is no longer complete in 
that time. Zn addition the secondary task performance itself suffers 
from competition from the primary attention shifting task. These 
properties suggest that there is a common command system needed both 
to issue commands to produce spatial orienting and for some aspects of 
monitoring (e.g. incrementing the count when a target occurs) (Duncan, 
1980). 

Zf one accepts the inteference effects found in the visual-spatial 
orienting task in cur patients as evidence for such a common attention 
system what can we say about this system? Our main finding is that 
the anatomy of the common system must be different than that found for 
the visual-spatial pathway. This is because engaging the subject in a . 
language task produces no specific deficit for targets contralateral 
to the lesion. Since it appears that damage to the parietal lobe 
manifests itself in a specific deficit in disengaging to deal with 
contralateral targets it follows that the engaging attention to the 
language task must not involve the parietal mechanism involved in 
visual-spatial attention. 
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In short our evidence favors two distinct ntural systems a specific 
vlsual-spatlal system Involving the parietal lobe and a more general 
system common to both vlsual-spatlal and language attention. It seems 
likely that the more general system operates as a command system to 
allow orienting of visual-spatial or other forms of attention. Since 
we know that the failure of the vlsual-spatlal system means that the 
patient will be unaware of the target it appears that this second 
system may be responsible for the specific operations underlying our 
ability to report the stimulus subjectively. 

From previous work in cognitive psychology (Marcel, 1983) it 
appears that under some conditions a stimulus may be processed quite 
deeply including producing semantic activation without subjects being 
aware of the stimulus. In anatomical terms this suggests that a good 
deal of processing by posterior areas o£ the brain can occur without 
the subjects being conscious of the event. 

The visual spatial parietal system is closely connected to 
prefrontal association cortex (Hesulam, 1981; Schwartz* 4 Goldman- 
Fakic, 1984). Moreover, when areas of the posterior parietal cortex 
are active metabollcally during cognitive tasks there is some evidence 
that corresponding areas of the frontal cortex are also active 
(Rowland* 1985). These findings all suggest that areas of the 
prefrontal association cortex might be of special importance to the 
common system we have been discussing. 
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Alerting 

How do the results concerning alerting lit into the operation of 
selective systems? first our experiments ehov thit alerting effects 
are quite independent of the direction of attention, This view aroee 
first based on experiments perfoned esny years ago in which the 
effects of primes and warning signals vera show to have additive 
effects on improvement in reaction tiat (Fosner a Boies, 19711, At 
that tin it was pointed out' 'that the source of alerting effects was 
likely to be subcortical arousal systems since 06 evidence of 
alerting was found in both hemisphere of split brain aenkeys even when 
the signal went only to one hemisphere (Hillyard t Gssunige, 1973), 
Aese subcortical systeas influence stinks processing by acting on a 
higher level attention system rather than upon input pathways (Fosner, 
1975). This argument was based on the evidence for a criteria shift 
because error rates increase usually accompany the faster Ids to 
warning signals. 

Out current data extend this view by showing that right sided 
patients have special difficulty in maintaining a high level of 
alertness during a brief delay between trials. This difficulty does 
not affect their ability to use warning signals or their ability to 
shift attention in the cued direction. 
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in clinical tasks and daily life right sided patients often 
manifest more severe spatial effects frcs lesions than do left sided 
patients. Rscall that deficits in alerting affect higher level 
attention systems not the activation of pathways by which information 
ia accumulated (Fosner 4 Boies. 1971; Fosner, 1979). In Urns of our 
present argument this would be an affect upon the attention command 
system rather than or more strongly than upon the directional 
selective system, Die consequence would be ;o make more sluggish 
coaunds to activate the posterior system, In that ease without the 
presence of specific cues the right sided patients might show a 
deficit performance in natural and clinical situations, In accord with 
this possibility recent evidence has accumulated that the right 
hemisphere may be closely involved in the arousal of cortex by 
norepinephrine and serotonin than is the left hemisphere (Tucker t 
Williamson, 1985). 

Heirarchical Distributed Network 

Heeulan (19B1) has attempted to distinguish between several views 
of how brain systems function to control spatial attention, These 
general views are mat he calls center theories, network theories and 
wholistic theories. The center theory regards spatial attention as 
the property of a single system, The network theory vim components 
of the function as assigned to quite distinct neural systems. The 
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istic theory regarda attention aa a genual property of the brain, 
data he reviews favor a network theory* Our data alio lupport a 
fork approach. The anatomical separation between the visual 
:ial attention systen and the higher level coamon systen arguea 
inat a single center. While the degree of anatomical apecificity 
id for viaual spatial attention arguea against any vholistic view, 
rver, our findings suggest two additions to Mesulan'a view, 
rirst, we are in a position to specify what the components axe 
the simple act of covert orienting of spatial attention. The 
jonenta consist of disengaging attention from ita current focus, 
Ing attention and engaging the target*. The diaengage function 
tars to be controlled by the parietal lobe when diaengaging from a 
lal/spatlal location is involved but not in cases when disengaging 
i other cognitive operations. The "move" function is effected by 
iraln lesions which involve the superior colllculus among other 
la (Pcener, Choate, Ratal, a Vaughan, 1985). Theie midbrain 
icturea also show the property of resisting reorienting to an 
»dy attended location (inhibition of return). In the current 
Jy we show the role of a higher level attention system in producing 
signal required to engage visual/spatial attention. VJwn thia 
ler level system is already occupied there is a dm reduction in 
efficiency of engaging a visual location. Ma can only apeculate 
: the attentional system, common to language and spatial location, 
ably lies anterior to the parietal system and includes the areas 
33 



of the frontal lobe which have been shown to be cloiely connected 
anatomically to the parietal systen (Heaulan, 1901). 

Our results fsvor s second modification of Meaulan'e network ides 
which might be called a heirarchial network. He find that some neural 
systems related to attention seem to coordinate or control the action 
of other systems. Thus within the visual spatial systen the parietal 
mechanism must act to disengage attention prior to ita being moved to 
the target. The midbrain centera shown to affect the "move operation" 
thua are controlled by the operation of the cortical centera 
reaponaible for the "disengage operation." Similarly it appeara that 
the poaterior areaa reaponaible for spatial orienting as s whole are 
controlled by a higher level system. 

He believe that such a heirarchical network viewpoint ia very much 
in accord with the general spirit of findings both in neurophysiology 
and cognitive psychology. In neurophysiology the operation of higher 
centers which act to tonically inhibit lower systems and act through 
feedforward mechanisms to product phaaic potentiation of activity are 
well known principlea of the organization of nervous systems 
(Bountcastle, 1978). In cognitive psychology, central attention 
theoriea offer a necessary means of coordination among a iiumber of 
aemi- independent codes which are activated by input (Reele a Neil, 
1978j Foaner, 1978| Treisman a Qallade, 1980). 

There are mechanisms of selection within each sensory system 
(Hillyard a Xutaar Naatanen, 1982) which serve to gate some 
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onnation and potentiate other information sourcii. At the ltvtl of 
cortex information ftoa different oeneory eyeteaa (e.g. viaion and 
ition) mat be integrated when it relate! to the urn cognitive 
tea (e.g. apatial location, object identification, language), 
eed we (Poener and Kenik, 1983) compared the ef fectlveneaa of 
auli in producing autual interference and facilitation when both 
e within the aaae sodality but in different cognitive syitttti with 
n they were within the aaae cognitive ayatea but in different 
aUtiee. Our ceeulte ahow that, at leaat in the circuaatanca of 
teat, atiouli within the aaae cognitive ayatea produce aore autual 
erection than thoee that share only input aodallty. Thie point 
uea for a level of aelectlon that integrate! aeparate aenaory 
teaa. 

It eeeaa reasonable to auppoae that etlaull in different 
nitlva eyeteae (e.g. language and apatial location) auat alio be 
rdinated at aoae level, the current result! ahow that the 
nclple of diatrlbuted but heirarchical networks can be applied to 
a problem. Although tht diaengage operation appear! specific to 
hanlaaa within a cognitive ayatea, there alao appear to be a 
era! cross-cognitive lystta aechaniaa that la required to permit 
action to occur within any one cognitive ayatea. Khen thie central 
nanism ii engaged in a language operation there la a clear 
uction in efficiency of apatial orienting, the heirarchical 
work idea allows us to see why daaage to particular location in the 
35 



CN5 producea deficit in operation! epecific to one cognitive eyitea 
(e.g. apatial orienting, language) while daaage to other location! nay 
produce more widespread attentional deflcita that are not epecific to 
any cognitive ayatea. 
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Figure Caption! 

rigurt 1 ntan RTi at i function of cut condition in tht single task 
blocks of ftperiaent 1. Data in for young and old norml 
groups and patitnts with right (R) and with lift (L) 
parietal lesions, ftr tht patiint groups tht data art 
Btparattd for targets on tht aidt of tht ltaion (ipsi- 
lattral) and on tht opposite aidt (contralateral). 

rigurt 2 Htan W for valid and invalid triala for a spatial attention 
task uhtn performed alont (focus) and whtn done with two 
typts of ttcondary tasks aonitoring (or phonenes and 
counting backyards. 

rigurt 3 Htan Ms for patitnt groups with long dtlay trials (500 
or 1,000 site between cut and target) for both focus and 
dividtd blocks as a function of cut validity. 

rigurt 4 Htan RTs for young and old normals for spatial attention 
alont and dual task dividtd attention. Circles and 
trlanglts involvt aonitoring at tht secondary teak. 
Squarts rtftr to date froa Posntr tt. al, 1984 for 
counting baclnaid by 3 at tht ttcondary Uik. 
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rigurt S Hagnitudt of extinction llks rtactlon tint pattern 
(contralateral olnua ipsilattral rtactlon tins) for 
single (focus) and dual (dividtd) task blocks of Expert- 
asnt 1. 

rigurt f m at a function of cut conditions for purt blocks of cued 
or uncutd trials conducted with long (low alert) or optiaal 
(high alert) intertrial intervals, Experiaent 2a. 

figure 7 Ms aa a function of cue conditions for blocks of nixed cue 
and no cue triala with long (low alert) an) optimal (high 
alert) intertrial Intervale. Experiaent lb. 

rigurt 8 Warning signal function for triala in which tht cut and/or 
targtt art prtatnttd to tht ltft visual field (right heat- 
aphtrt) and thoat for which they art presented to the right 
visual field (left healaphere). Data are froa no cue and 
valid rials of Experiaent 2b. 
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